Stable structure of thermophilic proton ATPase beta subunit.
F1-ATPase is the major enzyme for ATP synthesis in mitochondria, chloroplasts, and bacterial plasma membranes. F1-ATPase obtained from thermophilic bacterium PS3 (TF1) is the only ATPase which can be reconstituted from its primary structure. Its beta subunit constitutes the catalytic site, and is capable of forming hybrid F1's with E. coli alpha and gamma subunits. Since the stability of TF1 resides in its primary structure, we cloned a gene coding for TF1, and the primary structure of the beta subunit was deduced from the nucleotide sequence of the gene to compare the sequence with those of beta's of three major categories of F1's; prokaryotic membranes, chloroplasts, and mitochondria. The following results were obtained. Homology: The primary structure of the TF1 beta subunit (473 residues, Mr = 51,995.6) showed 89.3% homology with 270 residues which are identical in the beta subunits from human mitochondria, spinach chloroplasts, and E. coli. It contained regions homologous to several nucleotide-binding proteins. Secondary structure: The deduced alpha-helical (30.1%) and beta-sheet (22.3%) contents were consistent with those determined from the circular dichroism spectra. Residues forming reverse turns (Gly and Pro) were highly conserved among the F1 beta subunits. Substituted residues and stability of TF1: We compared the amino acid sequence of the TF1 beta subunit with those of the other F1 beta subunits mentioned above. The observed substitutions in the thermophilic subunit increased its propensities to form secondary structures, and its external polarity to form tertiary structure. Codon usage: The codon usage of the TF1 beta gene was found to be unique. The changes in codons that achieved these amino acid substitutions were much larger than those caused by minimal mutations, and the third letters of the optimal codons were either guanine or cytosine, except in codons for Gln, Lys, and Glu.